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® A method for synchronously interlocking feed 
axes (Z1 , Z2) of a lathe is disclosed. In particular, a 
numerical controller (NC) controls the operation of a 
lathe by sending position command signals to servo 
amplifiers (30, 31). The lathe turns a long workpiece 
(5) chucked by two opposed headstocks (12, 22) 
which are driven synchronously. The servo amplifi- 
ers (30, 31) send signals to corresponding direc- 
tional servo motors (14, 24) for moving the head- 
stocks (12, 22) in respective directions. The present 
invention overcomes the problems of mechanical 
and workpiece displacement developed as loads on 



the servo motors (14, 24) by compensating for the 
positions of the feed axes (21, 22) by means of 
position offset values determined from the displace- 
ment of the machine or workpiece (5). Specifically, 
the displacements are detected in accordance with a 
difference between the torque of the two feed axes 
(21, Z2) to be controlled for synchronous interlock- 
ing. In this manner, the displacement of the machine 
or workpiece (5) is compensated for by moving the 
headstocks (12, 22), which are synchronized in the 
corrected positions. 
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1 . Field of the Invention 

The present invention relates to a method for 
synchronously interlocking the feed axes of a lathe. 
More specifically, the present invention relates to a 
method for synchronously interlocking the feed of 
the lathe by synchronously interlocking the feed 
axes of the lathe, wherein the lathe is equipped 
with first and second feed axes for driving two 
opposed headstocks. 

2. Description of the Prior Art 

A lathe is known in the art which turns a long 
workpiece chucked by two opposed headstocks 
which are driven synchronously. 

Fig. 6 shows a configuration of such a lathe, 
wherein a tool rest 1 is coupled to a cutting tool 2 
and a ball-screw 3 for driving the same. An X-axis 
servo motor 4, is coupled to the ballscrew 3, for 
driving the same, and coupled to a workpiece 5 
that is to be turned. A chuck 11 for gripping one 
end of the workpiece 5, a headstock 12 mounted 
with a spindle, a ballscrew 13 coupled to said 
headstock 12 for driving the same, and a z-axis 
servo motor 14 coupled to said ballscrew 13 for 
driving the same are also shown. 

Elements 21 to 24 form a unit identical to 
elements 11 to 14, respectively, and, therefore, 
their functions are identical to those discussed 
above. The prior art lathe causes the workpiece 5 
to be gripped at both ends by the headstocks 12, 
22 which are then interlocked synchronously to 
turn the workpiece 5. 

Fig. 7 is a block diagram of servo amplifiers in 
a numerical controller (NC) (not shown) for control- 
ling the lathe shown in Fig. 6. Specifically, an X- 
axis servo motor 4 for driving the headstock 1, a 
position sensor 6 for detecting the position of said 
headstock 1, and a known error counter 7 for 
detecting the error of a position sensor 6 are 
shown. A digital-to-analog converter 8 for convert- 
ing the value of the error counter 7 into an analog 
value, and a power amplifier 9 for amplifying said 
analog value and driving the servo motor 4 are also 
shown. 

Elements 16 to 19 and 26 to 29 are individually 
designed to be of the same configuration as ele- 
ments 6 to 9 and drive the Z1-axis servo motor 14 
and the Z2-axis servo motor 24, respectively. 

The X-axis position command pulse Cpx is 
given by the NC (not shown) for driving servo 
motor 4. A z-axis position command pulse Cpz is 
given by the NC for driving the two servo motors 
14 and 24, simultaneously. 

In Fig. 6, the movements in the X-axis direction 
of the tool rest 1 and the Z-axis direction of the 
headstocks 12, 22 are directed by a machining 
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program stored in the NC memory (not shown). In 
the machining program, the desired movement in 
the X and Z directions are written for execution on 
a block basis, e.g.: 
5 N001 G01X100.Z200.F2.; 
N002 G00Z-50.; 

and operated on by a central processing block (not 
shown) comprising a CPU, memory, etc., contained 
in the NC. The desired movement is converted into 

io the position command pulse trains of the corre- 
sponding axes by a known pulse distributor. 

The position command pulse trains are Cpx 
and Cpz shown in Fig. 7, wherein Cpx is output for 
the X axis and Cpz for the Z axis. The position 

75 command pulse train Cpx is added to the value of 
the error counter 7, a difference between that value 
and the position sensor 6 value is provided to the 
power amplifier 9 via the digital-to-analog converter 
8, which drives the servo motor 4 at a commanded 

20 speed in a direction correcting the error value. The 
tool rest 1 is moved in the X axis direction accord- 
ingly. 

The position command pulse Cpz is processed 
in a similar manner. However, because Cpz is 
25 given to both error counters 17 and 27, the two 
headstocks 12 and 22 (Fig. 6) are operated syn- 
chronously. 

The above prior art method for synchronously 
interlocking the feed axis might achieve the re- 

30 quired turning in ideal environments which are free 
from such errors as thermal displacement, etc. 
However, in actual circumstances where the two 
headstocks 12, 22 are linked by the workpiece 5, 
mechanical displacement and workpiece displace- 

35 ment develop as loads on the servo motors 14, 24. 
In addition, these displacements include the pres- 
sure displacement of the workpiece due to chuck- 
ing pressure, the thermal displacement of the work- 
piece due to heat generated by cutting, and the 

40 thermal displacement of the machine due to fric- 
tional heat generated during machine movement, 
etc.; thus, these displacements cannot be elimi- 
nated. 

Figs. 8(a) and 8(b) show the machine and 
45 workpiece under the influence of displacements, 
wherein the full lines indicate the machine and 
workpiece before the displacements develop and 
the broken lines (5a, 10a) indicate the situation 
after the displacements have developed, 
so As can he seen from Fig. 8(a), the displace- 

ments are compensated for by a deformed work- 
piece, which occurs when the rigidity of the work- 
piece is lower than that of the machine and servo. 
As shown in Fig 8(b), the displacements are com- 
55 pensated for by a deformed machine when the 
rigidity of the machine is lower than those of the 
workpiece and servo. In addition to Figs. 8(a) and 
8(b), the rigidity of the servo may be lower than 
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those of the workpiece and machine. In this case, 
the motor torque is saturated to disable control and 
therefore the overload alarm is activated to stop the 
motor or drive amplifier. In any of the above in- 
stances, excessive force is applied to the work- 
piece, resulting in reduced turning accuracy. 

Accordingly, it is an object of the present in- 
vention to overcome the disadvantages in the prior 
art process by synchronously interlocking the feed 
axes of a lathe to maintain proper turning accuracy 
against displacements. 

SUMMARY OF THE INVENTION 

The present invention is concerned with the 
method of synchronously interlocking the feed axes 
of a lathe having first and a second feed axes for 
driving two opposed headstocks which are linked 
via a workpiece to achieve synchronous interlock- 
ing control of the two feed axes. The present 
method compensates for the positions of the feed 
axes by means of position offset values of the feed 
axes calculated from the displacement of the ma- 
chine or workpiece. The displacements are de- 
tected in accordance with a difference between the 
torques of the two feed axes to be controlled for 
synchronous interlocking. 

According to the present invention, the dis- 
placement of the machine or workpiece is com- 
pensated for by moving the headstocks, which are 
synchronized in the corrected positions unless a 
new displacement is detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overall block diagram of a lathe in 
accordance with one embodiment of the present 
invention. 

Fig. 2 is a flowchart illustrating the method of 
obtaining offset values from a torque difference 
according to the present invention. 

Fig. 3 is a block diagram illustrating the ap- 
paratus for implementing the method of Fig. 2. 

Fig. 4 is a flowchart illustrating the operation of 
the present invention. 

Fig. 5 illustrates torque waveforms of the servo 
motors according to the present invention. 

Fig. 6 is a configuration diagram showing a 
lathe employing a synchronous interlocking opera- 
tion. 

Fig. 7 is a block diagram showing a drive 
system for achieving the synchronous operation 
known in the art 

Figs. 8(a) and 8(b) illustrate how the workpiece 
and machine are distorted by displacements in the 
known synchronous control. 

DESCRIPTION OF THE PREFERRED EMBODI- 



MENT 

One embodiment of the present invention will 
now be described with reference to Figs. 1 and 6. 

5 A machine or workpiece displacement is de- 

tected by way of a torque difference detected 
between the two servo motors controlling the feed 
axes. This, displacement is compensated for by the 
movement of the headstocks driven from the servo 

io motors by an excess distance corresponding to the 
detected displacement 

Fig. 5 illustrates the method for which the ma- 
chine or workpiece displacement can be detected 
by way of the detected servo motor torques. A 

75 graph 40 represents the command pulse Cpz de- 
scribed in Fig. 7 in terms of speed. A torque curve 
41 of a master axis shows the change in accor- 
dance with the speed command indicated by the 
graph 40, and torque curve 42 of a slave axis 

20 indicates its changes under similar conditions. 

Whether the Z1 axis serves as the master or 
slave axis and the Z2 the other (Fig. 6) depends on 
how a machining program is written. 

As the torque curves 41 and 42 vary in accor- 

25 dance with the same speed command, a difference 
between them is nearly zero if machine and motor 
characteristics are almost identical. 

Assuming now that the workpiece is elongated 
relatively by a machine displacement, the head- 

30 stock 12 (Fig. 6) is pushed in the negative direction 
and the servo motor 14 generates a positive torque 
to resist that movement, whereas the opposite 
headstock 22 is pushed in the positive direction 
and the servo motor 24 generates a negative 

35 torque to resist that movement Graphs 43 arid 44 
(Fig. 5) indicate the torque curves of the master 
and slave axes in this state. A difference 45 be- 
tween the torque curves 43 and 44, i.e., the torque 
difference 45 may be assumed to be a torque 

40 consumed as a reaction against the action of the 
machine or workpiece displacement and can be 
used to detect the machine or workpiece displace- 
ment The magnitude of this torque difference can 
determine the machine or workpiece displacement. 

45 Fig. 1 shows an embodiment of the present 

invention, wherein a workpiece 5, which is gripped 
at both ends by chucks 11 and 21, is coupled to 
two headstocks 12 and 22, respectively. A ball- 
screw is coupled to the servo motor 14 for driving 

so the headstock 12, and a ballscrew 23 is coupled to 
the servo motor 24 for driving the headstock 22 in 
a similar manner. The servo motor 14 is coupled to 
a position and speed detecting pulse coder 15 and 
the servo motor 24 to a position and speed detect- 

55 ing pulse coder 25. 

The servo motor 14 is driven by a servo am- 
plifier 30 and the servo motor 24 by a servo 
amplifier 31. As is known, each of the servo am- 
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plifiers 30, 31 comprises a controller having a CPU, 
memory, etc. and a power amplifier having a power 
transistor, etc. The controller controls positions and 
speeds in accordance with feedback signals from 
the pulse coders 15, 25 and position command s 
data from NC 32. 

The NC 32 provides the master axis servo 
amplifier 30 with position command data Cpz only 
and provides the slave axis servo amplifier 31 with 
command data which is the sum of the position u 
command data Cpz and offset position command 
data Cof. 

This relationship is reversed if the machining 
program has been written to use the servo am- 
plifier 31 as the master axis. Theoretically, this n 
compensation may be made for both the master 
and slave axes. However, since a workpiece is 
generally machined using on a coordinate system 
based with respect to the master axis, it is favor- 
able to compensate the slave axis to ensure high 20 
machining accuracy. 

The offset position command data Cof is cal- 
culated from a torque difference between the servo 
motors 14 and 24. For this purpose, the currents of 
the servo motors 14 and 24 are converted into 25 
digital values via analog-to-digital converters 33 
and 34, respectively, and the results are fed back 
to the NC 32. These feedback signals are multi- 
plied by an appropriate constant for conversion into 
units of distance, then differentiated to obtain the 30 
variation of distance, and compensated for by de- 
fining a delay with an appropriate time constant. 

The delay eliminates a temporary torque vari- 
ation attributable to the fluctuation of drive motor 
characteristics due to the transient response of the 35 
motor and fetches the variation generated con- 
stantly. The conversion into units of distance is 
obtained by the following expression from an error 
value (E) which, when used provides the maximum 
rated motor output: 40 
Offset value = E * (feedback torque difference)/- 
(rated torque) 

The time constant (T), error value (E) for pro- 
viding the rated output, and rated torque (tmax) are 
given as parameters. . 45 

According to the present invention, the occur- 
rence of displacement causes the headstock 22 
driven from the servo motor 24 or the headstock 12 
driven from the servo motor 14 to move by an 
excess (compensation) distance corresponding to so 
that displacement. Therefore, the deformation of 
the workpiece or machine as shown in Fig. 8 will 
not take place, the headstocks will be synchronized 
together at the offset positions unless displacement 
is newly detected, and the servo motors will be ' 55 
driven at the same torque. 

Fig. 2 is a flowchart of software processing for 
finding the offset values from the torque difference. 



The numeric values following S indicate processing 

step numbers. 

S1: Reads the master axis torque feedback 
(tm), the slave axis torque feedback (ts), 
and the set parameter values 1 to 3 (E, 
tmax, T). 

S2: Obtains the torque difference (te) be- 
tween the master axis torque (tm) and 
slave axis torque (ts). 

S3: Multiplies the torque difference (te) by a 
constant (E'tmax) to perform dimension- 
al conversion and obtains the distance 
difference (1e). 

S4: Obtains a new offset value (pe) from the 
difference between the new distance dif- 
ference (1e) and old distance difference 
(1e*) and replaces the old distance dif- 
ference (1e*) with the new distance dif- 
ference (1 e). 

S5 : Adds the offset value (pe) to the value 
P obtained by integrating the offset val- 
ue and replaces P with the result. 

S6: Multiplies the integrated offset value (P) 
by the time constant (1/T) defined in the 
parameters to obtain the offset value 
(Cof). 

S7: Subtracts the offset value (Cof), output 
as an actual offset value, from the in- 
tegrated offset value (P). 
Fig. 3 is a block diagram of an NC implement- 
ing the above S1 to S7 processing steps. 

Fig. 4 is a flowchart illustrating the operation of 
the present invention. 

As used in Fig. 4, G198 indicates an interlock- 
ing mode command in the machining program 
which uses the Z1 axis as the master axis; G199, 
an interlocking mode command in the machining 
program which employs the Z2 axis as the master 
axis; and G197, an interlocking mode canceling 
command in the machining program. 

S10: Determines whether the command is 
G198 or not. If it is G198, switches on a 
flag (FG1), at S11, which indicates the 
interlocking mode wherein the Z1 axis 
is the master axis. 
S12: Determines whether command is G199 
or not. If it is G199, switches on a flag 
(FG2), at S13, which indicates the inter- 
locking mode wherein the Z2 axis is 
the master axis. 
S14: Determines whether the command is 
G197 or not. If it is G197, feeds back 
the current integrated offset integrated 
value (calculated at S20) to the com- 
mand of the slave axis to preset the 
command value at S15, and clears the 
interlocking mode flags (FG1, FG2) to 
cancel the interlocking mode and can- 
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eels (zeroes) the integrated value Hp of 
the offset value at S16. 
S17: Initializes the offset value Cof1 of the 
21 axis and the offset value Cof2 of the 
Z2 axis. 

S18: Checks the interlocking mode flags 
. (FG1 , FG2). If neither of them indicate 
the interlocking mode, jumps to S24. If 
either of them indicates the interlocking 
mode, performs offset processing from 
S19 onward. 

S19: Calculates the offset value shown in 
Rg. 2 to obtain the offset value Cof. 

S20: Adds the offset value Cof to the offset 
integrated value Hp and replaces Hp 
with the result to integrate the offset 
value obtained at S19. 

S21: Determines whether the master axis is 
the Z1 or Z2 axis. 

S22: When the Z1 axis is the master axis, 
replaces the Z2 axis command data 
Cpz2 with the master axis command 
data Cpz1 to employ the Z2 axis as the 
slave axis, and replaces Cof2 with Cof 
to add the offset value Cof to the slave 
axis. 

S23: When the Z2 axis is the master axis, 
replaces the Z1 axis command data 
Cpz1 with the master axis command 
data Cpz2 to employ the Z1 axis as the 
slave axis, and replaces Cof1 with Cof 
to add the offset value Cof to the slave 
axis. 

S24: Outputs the X axis command pulse Cpx 
to the X axis servo amplifier, the addi- 
tion result of the offset pulse Cof1 to 
the Z1 axis command pulse Cpz1 to 
the Z1 axis servo amplifier, and the 
addition result of the offset pulse Cof2 
to the Z2 axis command pulse Cpz2 to 
the Z2 axis servo amplifier. 
The error value (E) and rated torque (tmax) for 
providing the rated output used above to determine 
the offset value need not be this data but may be 
certain constants obtained by experiment. 

For ease of understanding of the present inven- 
tion, the above embodiment assumes that the ser- 
vo motors and servo amplifiers are identical in 
characteristics, etc. and a failure in synchronous 
interlocking does not occur due to differences in 
these characteristics. If there are differences in 
these characteristics and a failure in synchronous 
interlocking occurs, synchronization technology dis- 
closed in Japanese Patent Publication No. 228752 
of 1989 may be employed for the synchronous 
control of the servo motors. This publication dis- 
closes technology concerned with the lathe cov- 
ered by the present invention, which calculates 



offset values of spindle motors from spindle motor 
torques, rotating positions and speeds if there are 
differences in motor characteristics, etc. and a fail- 
ure in synchronous interlocking occurs when the 

5 same command is given to two spindle motors, in 
order to prevent a failure in synchronous interlock- 
ing, thereby protecting a workpiece from twist. 
Namely, the present invention may be used to 
prevent the reduction of machining accuracy due to 

to displacement, and the spindle synchronism tech- 
nology disclosed in Japanese Patent Publication 
No. 228752/1989 may be employed for the syn- 
chronous control of the servo motors to prevent the 
reduction of machining accuracy due to differences 

is in motor characteristics, etc. 

It should be noted that any torque difference in 
excess of a predetermined valve may trigger an 
alarm without causing compensation. This is be- 
cause the displacement has become so excessive 

20 that the machining accuracy may be adversely 
affected by the compensating movement of the 
headstocks. 

It will be apparent that the invention, as de- 
scribed above, improves the machining accuracy of 

25 a workpiece on a lathe having the performance of 
two machines in one by preventing any unnec- 
essary load from being applied to the workpiece 
due to the displacement of the machine or the 
workpiece itself when one workpiece is gripped 

30 simultaneously by two chucks. Since the servo 
motors are free from unnecessary loads, their pow- 
er consumption can be reduced, resulting in en- 
ergy savings. In addition, the machine itself re- 
mains free of distortion so that machine accuracy 

35 can be guaranteed for a long period of time. 

Claims 

1. A method of synchronously interlocking first 
40 and second feed axes (Z1, Z2) of a lathe 

having two opposed headstocks (12, 22) In- 
dividually coupled to said feed axes and linked 
by a workpiece (5) for performing synchronous 
interlocking control of said two feed axes in 

45 accordance with position command data, com- 

prising the steps of: 

determining offset values of feed axis posi- 
tions attributable to machine or workpiece dis- 
placement in accordance with a torque dif- 

50 ference between said first (Z1) and second 

(Z2) feed axes; and 

compensating for at least one of said posi- 
tion command data of said first and second 
feed axes in accordance with the offset values 

55 obtained in said operating step. 

2. A method for synchronously interlocking the 
feed axes of the lathe defined in claim 1, 
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wherein either of said first (21) and second 
(22) feed axes is employed as a master axis, 
the other is used as a slave axis, wherein said 
slave axis receives compensated position com- 
mand data. 5 

3. A method for synchronously interlocking the 
feed axes of the lathe defined in claim 1, 
wherein said feed axes (21 , 22) are only com- 
pensated for in an interlocking mode and the io 
offset values are canceled when the interlock- 
ing mode is reset. 

4. A method of compensating for displaced posi- 
tions of feed axes in a lathe comprising the 75 
steps of: 

driving two opposed headstocks (12, 22) 
which are linked via a workpiece (5) to achieve 
synchronous interlocking control of said two 
feed axes (Z1, 22); 20 

determining displacement of positions of 
said feed axes (21 , Z2); and 

moving at least one of said headstocks (12 
or 22) to compensate and eliminate said dis- 
placement. 25 



lated from a torque difference between the 
servo motors (14 and 24), wherein for this 
purpose the currents of the said servo motors 
(14, 24) are converted into digital values via 
analog- to digital converters (33 and 34), re- 
spectively, and the results are fed back to the 
CNC (32), so that correction command data 
are generated for moving the said headstocks 
(12, 22) into displacement of the machine or 
workpiece compensating positions. 



5. A method of compensating according to claim 
4, wherein said step of determining displace- 
ment further comprises the step of detecting a 
difference between torque of said two feed 30 
axes (21, 22). 



6. A device for synchronously interlocking first 
and second feed axes (21, 22) of a lathe 
having two opposed headstocks (12, 22) in- 35 
dividually coupled via ballscrews (13, 23) to 
said feed axis (21, Z2) and are to be linked by 
a workpiece (5) for performing synchronous 
interlocking control of said two feed axes (21, 
22) in accordance with position command data 40 
(32), wherein each ballscrew (13, 23) is coup- 
led to a servo motor (14, 24) for driving the 
said headstocks (12, 22) each in a similar 
manner, 

characterized in that 45 

each servo motor (14, 24) is coupled to a 
position and speed detecting pulse coder (15, 
25), and that further each servo motor (14, 24) 
is driven by a servo amplifier (30, 31) which 
each is connected with a CNC (32), wherein 50 
the CNC (32) provides the one servo amplifier 
(30) which is to be a master axis servo am- 
plifier, with position command data (Cpz) only 
and provides the other servo amplifier (31), 
which is to be a slave axis servo amplifier, with 55 
command data which is the sum of the posi- 
tion command data (Cpz) and offset position 
command data (Cof), the latter being calcu- 
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© A method for synchronously interlocking feed 
axes (Z1, Z2) of a lathe is disclosed. In particular, a 
numerical controller (NC) controls the operation of a 
lathe by sending position command signals to servo 
amplifiers (30, 31). The lathe turns a long workpiece 
(5) chucked by two opposed headstocks (12, 22) 
which are driven synchronously. The servo amplifi- 
ers (30, 31) send signals to corresponding direc- 
tional servo motors (14, 24) for moving the head- 
stocks (12, 22) in respective directions. The present 
invention overcomes the problems of mechanical 
and workpiece displacement developed as loads on 



the servo motors (14, 24) by compensating for the 
positions of the feed axes (Z1, Z2) by means of 
position offset values determined from the displace- 
ment of the machine or workpiece (5). Specifically, 
the displacements are detected in accordance with a 
difference between the torque of the two feed axes 
(Z1, Z2) to be controlled for synchronous interlock- 
ing. In this manner, the displacement of the machine 
or workpiece (5) is compensated for by moving the 
headstocks (12, 22), which are synchronized in the 
corrected positions. 
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